Diurnal trends were measured after treatment with two herbicides, diuron, a lipophilic photosynthesis inhibiting herbicide and dalapon, a less-lipophilic non-photosynthesis inhibiting herbicide. In wheat, both herbicides were tested with three non-ionic surfactants of differing hydrophilefd ratio was a more sensitive numerical indicator of plant responses and provides an alternative approach to monitoring and measuring the effect of stress factors in plants.
INTRODUCTION
is rapid, non-invasive and can measure a number of parameters linked to the physiological status of the plant. The most common CF parameter used is the quantum yield Another parameter that can show the physiological status of a plant under stress is the fd ), which is obtained from the Kautsky curve (Lichtenhaler fd ratio is more sensitive to a variety of stress factors This paper investigated the applicability of R fd for species responses, diurnal effects and the effect of herbicides with or without added surfactants.
METHODS

Plant material
The species used were fathen (Chenopodium album), wheat (Triticum aestivum) and Madagascar jasmine ( ). Each has a different cuticle thickness (fathen and wheat have a thin cuticle while Madagascar jasmine has a thick cuticle) and
Chemicals and treatments
These herbicides were also used with three alcohol ethoxylate adjuvants (triethylene glycol monododecyl ether, C 12 EO 12 EO 6 decaethylene glycol monododecyl ether C 12 EO Instrumentation and analysis taken in the dark using dark adapted plant material prior to irradiating with a white light saturating pulse (of 1.6 s) to obtain Fm. Forty seconds after the end of the saturating pulse, a Kautsky response. Fp was measured at the initial phase of the Kautsky curve and Ft fd were derived from these measurements and these values used for comparison of effects. Readings were taken before the start of treatments (2 h after start of photoperiod), then also made over several days after treatment.
The statistical software package Statistix was used to analyse the wheat treatment fd analysis). The interaction between treatment and time has been used to illustrate the trends found.
RESULTS AND DISCUSSION
24 h measuring period (data not shown). However, the R fd in fathen, where R fd The other two species did not show a regular diurnal trend. The trends are virtually identical to those shown in Figure 1 after dalapon treatments. Diurnal variation was fd . A diurnal effect may be present with some species or conditions and needs to be considered when using the R fd insensitive to such effects. fd for any species other than due to diurnal variation. This may be due to lack of uptake of dalapon into the leaves, or, since dalapon does not have a direct effect on photosynthesis, it takes longer than 24 h for stress effects to show using CF. Visible damage to the leaves was the different cuticle permeabilities. Diuron is a lipophilic (log Kow 2.6) photosynthesis-inhibiting herbicide. The diuron did have an effect on CF for wheat and fathen plants (Fig. 2) . There was a slight reduction fd values for both species. Diuron had little effect on jasmine, with R fd be due to the inability of diuron to penetrate the very thick and waxy jasmine cuticle. The lipophilic character of the diuron allows it to be taken up rapidly by some species but not by others, making the CF technique a rapid screening method for susceptibility or tolerance. species. The addition of alcohol ethoxylate surfactants to dalapon did not cause any changes in CF responses (data not shown), indicating these are inappropriate or that again a longer measurement interval is required for this type of herbicide. In contrast, the addition of these surfactants to diuron produced a greater stress fd values, with R fd showing a much greater decrease within 4 h (Tables 1, 2) . The most lipophilic surfactant, C 12 EO fd (Table 2 ) values over the 24 h period showed that there fd values. fd values between the diuron treatment and the surfactants at the 4 hour time period with C 12 EO being different to C 12 EO (Table 2 ). This shows that the R fd ratio was more responsive to the stress changes compared to CONCLUSIONS The results obtained demonstrate that CF measurement can measure a number of different stress effects, including diurnal variation, different responses among species to herbicide treatment and the effect of different herbicide formulations.
The use of R fd an alternative approach to monitoring and measuring the effect of stress factors in plants. R fd is a more sensitive indicator for numerical comparisons, although due to diurnal effects, caution may be required when using this parameter.
